*The members of the JACC Study Group are listed in the Appendix A1.
Introduction

T
here has been an increasing trend toward dual-earner couples in industrialized countries, which has led to an impact of multiple roles on the health of men and women. 1 Most women continue to retain the major responsibility for child care and housekeeping even when employed outside the home, 2 and men whose wives work also need to take partial charge of housekeeping and childrearing compared with men whose wives stay at home. 3 It has been suggested that role overload and role conflict may cause high levels of stress and adversely affect health. 4 An alternative perspective, the 'role enhancement model', is that multiple roles improve women's health and provide advantages of increased social networking and social support. Moreover, due to the recent dramatic social change around the world, role theory was now going to be replaced by role quality theory based on the concept of agency and human needs. 5 Previous studies that examined the relationship between health status and social roles mainly found the benefits of social roles. Canadian women with three simultaneous roles reported better self-rated health status and lower likelihood of diagnosis of a chronic illness than those having a single role or double roles. 6 McMunn and colleagues 7 also found that women with multiple roles over a long period of time reported relatively good health.
Japanese society has been undergoing major shifts, including a rapid decline in marriage and fertility rates and an increase in the number of women who work. The proportion of 'never-married' (i.e. not married by the age of 50) increased from 1.45% among men and 1.35% among women in 1950 to 12.57% and 5.82%, respectively, in 2000. 8 Total fertility rates in Japan decreased from 3.00 in the period 1950-55 to 1.30 in the period 2000-05. 9 The number of double-income households exceeded that of households consisting of an income-earning husband and a non-working wife in 1997 and is still increasing. 3 In 1999, the proportion of non-working women with a youngest child of 0-to 3-years old was 71.2%, and this declined to 61.1% in 2009. 10 Despite recent social change in Japan, to our knowledge, there have been no Japanese prospective studies to investigate the relationship between multiple-role occupancy and all-cause mortality Thus, the purpose of this study was to examine the impact of single roles (i.e. spouse, parent and worker) and their combination on all-cause mortality among the middle-aged and elderly using a large cohort study conducted in Japan.
Methods
Study subjects and data collection
The Japan Collaborative Cohort (JACC) Study was initiated in 1988-90, and the details of the study have been described elsewhere. 11, 12 Briefly, self-administered questionnaires were distributed to subjects living in the 45 areas in Japan covered by the 24 participating research group members. In total, 110 792 subjects (46 465 males and 64 327 females) aged 40-79 years old at baseline participated.
The study protocol was approved by the Ethic Board of Nagoya University School of Medicine, where the Central Secretariat of the JACC Study was located.
Follow-up
The date and cause of death were confirmed up to the end of 2008 using death certificates under the permission of the Director-General of the Prime Minister's Office (Ministry of Public Management, Home Affairs, Post and Telecommunications), except in eight areas in which follow-up ceased at the end of 1999 or 2003. Individuals who moved away from the study area were treated as dropouts, because death after moving away could not be confirmed.
Multiple roles
In this study, roles were defined as spouse, parent and worker. All information was obtained using a self-administered questionnaire. The role of spouse was judged by asking the marital status of the respondent: those who answered 'married' were considered as having the role of spouse, and those who answered 'widowed', 'divorced' or 'single' were not. Subjects were asked how many children they had. Subjects reporting one or more children were regarded as having a parental role. Subjects were considered as having the role of worker if they were employed or self-employed irrespective of whether the job was full-time or not. Subjects were grouped into four categories according to the number of roles they had (0-3). A total of 76 758 individuals (32 454 men and 44 304 women) provided a valid response to the three questions, and they were included in the analyses. Among men, 95.1%, 97.4% and 77.0% had the role of spouse, parent and worker, respectively, whereas among women the corresponding values were 84.8%, 96.9% and 42.9%. When subjects were grouped according to the number of roles they had, among men, the percentage of each group was 72.8% for triple roles, 24.2% for double roles (20.4%, 2.5% and 1.3% for those without the roles of worker, spouse, and parent, respectively), 2.8% for a single role (1.7%, 0.6% and 0.4% for those having the sole role of parent, spouse or worker, respectively) and 0.2% for no roles. Among women, the corresponding values were 37.4%, 50.5% (45.4%, 4.4% and 0.7%), 11.4% (9.7%, 1.3% and 0.4%) and 0.7%.
Analysis
The distribution of some socio-demographic and lifestyle factors known to be risk factors for all-cause mortality was compared according to each role using ANOVA or the Mantel-Haenszel test adjusted for age (5-year categories).
Hazard ratios (HRs) of each role and the number of roles subjects had were calculated by Cox's proportional hazard model adjusted for 5-year age groups. In multivariate analyses, we further adjusted for several factors known to be associated with all-cause mortality, namely smoking status (current smoker, ex-smoker or never-smoker), drinking status (current drinker, ex-drinker or never-drinker), daily walking (>1 h per day or not), sleep length (<6.5 h, 6.5-8.4 h, !8.5 h), consumption of green leafy vegetables (almost daily or not), body mass index (BMI; <18.5, 18.5-24.9, !25.0 kg/m 2 ), education (school up to age 15, 15-18, !19 years), perceived stress (yes or no) or disease history (cancer, myocardial infarction (MI) or stroke, or none), as well as the 7 geographical areas in which the subjects were living. Information on all these factors was self-reported. For all covariates, missing values were treated as an additional category in the model. Further stratification by baseline age (40-64, !65) was also performed. To explore the reverse causation, an additional analysis was added excluding those who reported a past history of cancer, MI or stroke. All statistical analyses were performed using the Statistical Analysis System (SAS 9.1, Cary, NC, USA).
Results
During 15.7 years of follow-up, 1549 (4.7%) men and 2542 (5.7%) women moved away from the area and dropped out from the study, and 9143 (28.2%) men and 6670 (15.1%) women died. Table 1 shows the socio-demographic characteristics of subjects according to role. Those having a role were younger than their counterparts, except male parents. In general, those with a role had healthier lifestyles, such as never-smoking, walking >1 h per day, sleeping 6.5-8.4 h/day, eating green leafy vegetables almost daily, BMI: 18.5-24.9 kg/m 2 and no history of diseases, compared to those without a role. The proportion of those who were highly educated was also higher among those with a role, except among female parents or workers. Fewer women with a parental role slept 6.5-8.4 h/day, and women with a worker role ate less green leafy vegetables. Non-working men and women were less stressed than their counterparts.
The risk of all-cause mortality according to role is shown in table 2. Subjects without a role showed significant risk elevation except unmarried women. A 1.15-fold (95% CI 1.06-1.24) higher risk was observed among men without a spouse, compared to those with, after adjusting for confounding factors; however, no risk elevation was observed among women (HR 1.01). All-cause mortality risk among those without a parental role was slightly higher in women than in men: 1.19 (1.05-1.34) and 1.14 (1.01-1.29), respectively. Those without a worker role also showed higher risk compared to their counterparts: 1.23 (1.17-1.29) among men and 1.15 (1.08-1.23) among women. Despite these slightly different impacts among men and women, no interactions with gender were found for any roles. The risk pattern was very similar when grouping subjects by baseline age. Higher estimated risks were observed in the middle-aged than in the elderly both among men and women, except women without a parental role, indicating interactions of the roles of spouse and worker with gender among the middle-aged. Non-married middle-aged women were at significantly elevated risk (HR 1.14, 95% CI 1.02-1.28) but older women showed no increased risk (HR 0.97, 95% CI 0.91-1.04). Analysis performed on those with no history of disease did not alter these results.
As shown in table 3, compared with men with triple roles, men with double roles or a single role had an increased risk of mortality (HR 1.25, 95% CI 1.19-1.31; HR 1.33, 95% CI 1.21-1.47, respectively), and those with no roles had the highest risk (HR 1.66, 95% CI 1.19-2.31). All values were statistically significant after adjusting for confounding factors. In women, all HR values were slightly lower than among men (1.17, 1.17, and 1.57 in those with double, single, and no roles, respectively, with no interactions with gender). Risk elevations were more apparent in the middle-aged than in the elderly both among men and women, and interaction with gender was observed among middle-aged subjects. Risk elevations among elderly women with double roles or a single role were not significant. Risks associated with a single role or double roles were higher in men than in women among both the middle-aged and the elderly; however, risk of no role was not different between middle-aged women and men. Risk values were unaltered after excluding subjects with a history of disease at baseline.
Discussion
In this large Japanese cohort study, we found benefits for all three roles among men and women, which were generally greater in men than in women and in the middle-aged than in the elderly. Having fewer than three roles was associated with higher all-cause mortality. However, older women with a single role or double roles were found to be at no increased risk. Our findings have health policy relevance given the current increase in work force participation among women in Japan, decline in the marriage rate as well as the rapid population aging in that society.
Compared with non-married subjects, previous studies found that married people were healthier and had a lower all-cause mortality risk, 13, 14 in agreement with the present results. A protective effect of marriage on all-cause mortality might be caused by decreased stress, 15 due to a healthier lifestyle choice, 15 and/or social support, social networks and social connection. 16 Being childless was previously shown to elevate all-cause mortality risk, 17,18 also agreement with our results. The positive effect of having children might be explained by parental roles, family obligations and social networks through childrearing. 19 Moreover, parents might engage in health-promoting behaviors 17 because of familial responsibility. We found that the risk elevation of those without a parental role was not statistically significant among middle-aged women. The possible explanation for this was that childless women have a higher educational level, more financial security, and more control over their lives compared to those with children nowadays. 20 Previous studies have shown that working was associated with reduced mortality 21 through the increase in economic independence, social support, and self-esteem. 22 Although working might cause excessive stress, 23 we found a beneficial effect of working on all-cause mortality.
The impact of multiple roles on health has been investigated mainly in Western countries 6, 22 and few cross-sectional studies have examined the association in Japan.
1 Despite the possibilities of role overload, a positive effect on health has been observed among those having multiple roles. 6, 24 However, only a few prospective studies have examined the effect of multiple roles on all-cause mortality. Hibbard and Pope 25 examined the long-term effects of multiple roles and found they did not damage women's health and possibly provided some advantage, but there was no relation with any studied health outcomes in men. A Finnish study examined the relationship only for women and found that those aged 35-64 years with three roles (spouse, mother and worker) had lower mortality compared with those in any other groups. 26 Taken together, our results and those from previous studies suggest that the potential benefits from multiple roles would exceed any negative impacts such as stress and overload.
However, we found that the risk elevation in individuals without a role or with fewer roles was higher in men than in women, in contrast to results from Western countries. 25, 26 These findings suggest that the benefit of multiple roles might be higher in men than in women in Japan, or in other words, role overload might be greater in women than in men, especially among the middle-aged. Such gender difference in health among different groups was also found in previous Japanese studies. As we have already reported, the benefit of marriage was greater for men than women. 27 This might be because although many women were engaged in working outside the home, the burden of domestic labor continued to fall primarily on them, and thus the benefit of marriage would be less for women than for men. 2 In a cross-sectional study, Takeda et al. 1 reported that an increasing number of roles among men was associated with fewer health problems compared to men with one role; however, such an association was not found among women. Moreover, they found that middle-aged women with multiple roles showed a strong inverse relationship with regular exercise, indicating that women have less time to invest in their own health. 1 The risk of no role was greater in middle-aged than in elderly individuals, except women without a parental role. Also, the impact of risk elevation with decreasing number of roles was greater in the middle-aged than in the elderly. Generally, social responsibility might decrease in older people, and thus the benefits of multiple roles might decrease with age. However, as adult children might support their elderly parents, mediate social services and monitor their health behavior, 19 the elderly with a parental role might gain the health advantages from their children. All percentages were age-adjusted. *P < 0.05, **P < 0.01, ***P < 0.001 performed by ANOVA for age a or performed by Mantel-Haenszel test adjusted for age.
The strengths of our study are that involved (i) a large-scale cohort with more than 15 000 events during a long follow-up period; (ii) multiple lifestyle variables were collected at baseline and (iii) adjustment was made for potential confounders. Such advantages allowed us to estimate the association between multiple roles and all-cause mortality by baseline age groups, while adjusting for various confounding factors.
There were some limitations to this study. First, all information was self-reported and thus some misclassification might have occurred. However, any misclassification would be random with respect to subject's endpoint as information was collected at baseline without prior knowledge of events. Accordingly, the estimated risk might approach the null hypothesis through such misclassification. Second, all information was gathered at baseline once and we did not consider possible changes in the number of roles over time. As our subjects were all aged !40 years, most changes would be 'leaving a role' and not 'starting to occupy a new role'. This means the estimated HRs might be decreased with changes in roles with time, and even in this situation, our results showed risk elevation for those without roles. Third, the reason for lacking each role was unknown, but one possible reason might be poor health. The healthy workers effect is a common view in research examining the effects of working on health, which indicates that workers themselves are healthier than non-workers in general. 28 Single people are known to suffer from more pre-existing diseases than married individuals, 13 and this might also be true for childless people compared to those with children. Thus, there is a possibility that the risk elevation among those with fewer roles is not the result of lacking a role but the result of poor health of those without roles. However, the results from subjects without a history of disease were not significantly different from those of the entire cohort. Fourth, the study subjects in the present analyses were limited to those with valid responses to all the three roles. This limitation incidentally made subjects without a role to be more excludable from the analyses; the percentage of those without spouse role reduced from 12.9% in the whole cohort to 10.8% in the analyses, without parent role from 3.5% to 2.9%, and without worker role from 43.9% to 42.7%. The influence of this bias was not clear, however, it is difficult to overcome the point backward, we need to keep this limitation in mind when interpreting the results. Fifth, the present study focused only on the number of roles and we did not examine the quality of individual roles. Multi-adjusted HRs were adjusted for age, residential area, smoking status, alcohol consumption, walking duration, sleeping duration, consumption of green leafy vegetables, body mass index, education level, mental stress, disease history and other roles. Multi-adjusted HRs were adjusted for age, residential area, smoking status, alcohol consumption, walking duration, sleeping duration, consumption of green leafy vegetables, body mass index, education level, mental stress and history of disease.
Hibbard and Pope 29 suggested that role satisfaction, role stress, social support and personal control of roles were each independent predictors of mortality, and were also associated with each other. Further research is needed to investigate the relationship between the quality of multiple roles and mortality.
In conclusion, we found beneficial effects of multiple roles (spouse, parent and worker) among Japanese men and women. Those with triple roles had the lowest risk of all-cause mortality and the risk increased in the order of double, single and no roles. The mortality risk of those with fewer roles was generally higher in men than in women and higher in middle-aged than in elderly individuals.
